INTRODUCTION
Rum, one of the most popular liquors in the world, is made from sugarcane molasses or sugarcane juice and is produced primarily in the West Indies. Rum distillate wastewater is a by-product of rum liquor production and is produced following yeast fermentation of sugarcane molasses and distillation. This wastewater is therefore a terminal by-product of sugarcane products. Rum distillate wastewater is generally considered an industrial waste, but it is actually a bio-resource with high mineral and polyphenol content. Sugar manufacturing products such as syrup, bagasse and molasses contain many types of polyphenol compounds [1] [2] [3] [4] [5] . It has been reported that numerous bioactive compounds such as phenylglycosides, lignans, lignan glycosides, phenylpropanoids and phenylpropanoid glycosides have been isolated from Kokuto, a traditional Japanese brown cane sugar, and molasses [6] [7] [8] [9] . However, there have been no reports to date on the use of rum distillate wastewater as a source of bioactive compounds. The purpose of the present study was to investigate a tyrosinase inhibitor isolated from rum distillate wastewater.
Tyrosinase catalyzes two different reactions: hydroxylation of monophenolic compounds to o-diphenols, and oxidation of the o-diphenols to o-quinones. Therefore, the enzyme converts tyrosine to L-3,4-dihydroxyphenylalanine (L-DOPA), and oxidizes L-DOPA to form DOPAquinone 10) . This process is a determinant of animal skin color, and is involved in local hyperpigmentations such as melasma, ephelide, and lentigo. Several compounds, including arbutin 11) , kojic acid 12) , catechins 13) , hydroquinone 14) and resveratrol 1 5 ) have been reported to be tyrosinase inhibitors, and are used in the depigmentation of drugs and cosmetics. Many studies of tyrosinase inhibition have used mushroom tyrosinase 16) , and, due to its commercially availability, it appears useful for the preliminary screening of tyrosinase inhibitors. However, the amino acid sequence identity between human tyrosinase 17) and mushroom tyrosinase (GenBank accession No. 42713) is only 23%. Therefore, it is potentially important to use human tyrosinase for screening skin-whitening agents. In this study, we evaluated a human tyrosinase inhibitor isolated from rum distillate wastewater. ® XAD-1180 resin (Organo Co., Japan), Wakogel ® C-100 (Wako Pure Chemical Industries Ltd., Japan), Toyopearl ® HW-40C (Tosho Co., Japan;), Sep-Pak ® Vac SPE Cartridge (Waters Co., MA, USA), and LiChroprep ® PR-18 column (Merck, Darmstadt, Germany) were used for column chromatography.
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Optical rotation was measured on a Jasco DIP-180 automatic polarimeter. UV spectroscopic data were obtained by an HPLC system equipped with a Shimadzu SPD10MAvp photo-diode array detector.
1 H-and 13 C-NMR spectra were measured in methanol-d 4 as the internal standard by a Jeol alfa-500 NMR spectrometer (500 MHz for 1 H and 125 MHz for 13 C). ESI-MS spectra were measured on an Agilent Esquire 3000 plus instrument.
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Frozen rum distillate wastewater (800 mL) was defrosted, then centrifuged and filtered. The resulting filtrate was passed through an Amberlite ® XAD-1180 column (3.0 20 cm) and eluted sequentially with water, 25% methanol, 50% methanol, and 100% methanol (600 mL each). Since the 100% methanol eluate (1.04 g) exhibited the highest tyrosinase inhibitory effect on L-DOPA oxidation, this fraction was subjected to Wakogel ® C-100 column chromatography [300 mL column volume, ethyl acetate/methanol (each 600 mL, 10 : 0, 7 : 3, 5 : 5, 3 : 7, and 0 : 10)]. Fraction 1 (168 mg), eluted with ethyl acetate/methanol (10 : 0), was subjected to chromatography on a Toyopearl ® HW-40C column (1.2 80 cm) eluted with 60% methanol (120 mL) and then 80% methanol (120 mL) to give six fractions (Fr. 1-1 to Fr. 1-6). . Compounds A and B were revised in 2 and 3, respectively.
Human Tyrosinase Iinhibitor in Rum Distillate Wastewater
Enzymatic hydrolysis of . A mixture of compound (1.2 mg) and b-glucosidase in 10% methanol (1 mL) was shaken at room temperature for 3 h. The mixture was passed through a Sep-Pak ® Vac SPE Cartridge, washed with 30% methanol, and eluted with 60% methanol. The 60% methanol eluate was evaporated in vacuo to dryness to afford aglycon (0.8 mg).
( Enzymatic hydrolysis of . A mixture of compound (2.8 mg) and b-glucosidase (1 mg) in 10% methanol (1 mL) was shaken at room temperature for 3 h. The mixture was passed through a Sep-Pak ® Vac SPE Cartridge, washed with 30% methanol and eluted with 60% methanol. The 60% methanol eluate was evaporated in vacuo to dryness to afford aglycon (1.8 mg).
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Tyrosinase inhibitory activity was assayed using human tyrosinase prepared from HMV-II cells, provided by the Cell Resource Centre for Biomedical Research, Tohoku University. The cells were cultured in F12/DMEM supplemented with 10% fetal bovine serum and 100 mM L-DOPA at 37 in a humidified atmosphere of 5% CO 2 in air. On the 10th day, the cells were scraped from the tissue culture plate in the presence of Mg 2+ and Ca 2+ free phosphate buffered saline [PBS ( )], sonicated in PBS ( ) on ice for 1 h, then the mixture was centrifuged at 10000 g for 30 min. The supernatant, which contained tyrosinase, was used for measurements of inhibitory effects 18) .
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Tyrosinase inhibition activity was assayed based on the method of Tomita et al 19) . using L-DOPA as the substrate. A 10-mL aliquot of test compound in methanol solution, 40 mL of 1.5 mg/mL L-DOPA, and 100 mL of 0.05 M phosphate buffer (pH6.8) were added to a 96-well microplate and incubated at 37 for 10 min. Next, 50 mL of the tyrosinase solution was added and the plate was incubated at 37 for 90 min. Enzymatic activity was quantified by measuring the absorbance at 470 nm with a microplate reader (Benchmark Plus microplate reader, Bio Rad) before and after incubation. The relative tyrosinase inhibitory activity (%) of each sample was calculated as follows: Tyrosinase inhibitory activity (%) = [1 (B A)/(D C)] 100
A and B are the absorbance of the sample before and after incubation, respectively. C and D are the absorbance of the blank before and after incubation, respectively. Each reaction was conducted in triplicate, and the data were expressed as the concentration at which 50% of the enzyme activity was inhibited (IC 50 ). Arbutin was used as the positive control.
RESULTS AND DISCUSSION
An Amberlite ® XAD-1180 column was loaded with rum distillate wastewater. Tyrosinase inhibitory activities at a sample concentration of 0.5 mg/mL of the 25% methanol, 50% methanol and 100% methanol elutes from the column were 51.4%, 45.8%, and 52.4%, respectively. This result suggests that tyrosinase inhibitors exist in rum distillate wastewater. The 100% methanol eluate contained the highest tyrosinase inhibitory activity, and was successively subjected to silica gel, Toyopearl ® HW-40C and LiChroprep ® RP-18 chromatography to afford biologically active compound . Isolated was determined to be (S)-(+)-imperanene by comparing its spectral data with data reported previously 20, 21) . Imperanene is a lignan in the rhizomes of Imperata cylindrica (L.) Beauv. (Gramineae) (Japanese name: Chigaya) and has been reported to have platelet aggregation inhibitory activity 20) . In this study, we isolated imperanene as a human tyrosinase inhibitor from wastewater for the first time. Imperanene had not been detected in molasses during our earlier studies of sugarcane products.
During these investigations, we noted that the structure and NMR spectra of imperanene are similar to those of previously isolated and identified sugarcane compounds The inhibitory activities of compounds -against human tyrosinase were evaluated. As shown in , the tyrosinase inhibitory activities were > > . These results indicate that 4'-hydroxy-3'-methoxyl substituted aromatic compounds may play an important role in interacting with the tyrosinase active site. Several 4-hydroxy-3-methoxyl substituted compounds such as 4-hydroxy-3-methoxycinnamic acids have been reported as mushroom tyrosinase inhibitors 22) . However, at another aromatic moiety, the 3,4,5-substituted group, methoxyl and glucosyl substitution decreased activity as assayed by inhibition kinetics. Further studies are required to understand the effect of imperanene substitution on tyrosinase inhibitory activity.
CONCLUSION
During the course of our work into uses for sugarcane by-products, we isolated and determined the structure of a human tyrosinase inhibitory compound in rum distillate wastewater. In this study, (S)-(+)-imperanene ( ) was isolated from the 100% methanol eluate following the application of rum distillate wastewater to an Amberlite XAD-1180 column. The IC 50 value of was 1.85 mM when L-DOPA was the substrate, the same as that of arbutin, a well-known tyrosinase inhibitor. Furthermore, analysis of the inhibition kinetics of by Lineweaver-Burk plots showed that compound is a competitive inhibitor. This activity was compared with that of two derivatives, O-b-Dglucopyranosyl imperanene ( ) and O-b-D-glucopyranosyl methoxyl imperanene ( ), isolated from Kokuto. The inhibitory activities of the three compounds ranked > > . Therefore, this rum liquor by-product may be useful as a tyrosinase inhibitor.
